Yoji Kukita 1,2 , Sachi Manago 1 , Shingo Baba 1 , and Kenshi Hayashi 1 1 Kyushu University, Fukuoka, and 2 University of Tokyo, Tokyo, Japan SNPs are bi-allelic genetic markers abundantly distributed throughout the human genome. Millions of SNPs have been submitted to public databases and constitute a source of markers for the genotyping of individuals or for the estimation of allele frequencies within populations to identify the genes responsible for diseases using, for example, association studies. Such studies often involve the characterization of many marker SNPs so that a cost-effective and robust method for their analysis is desirable.
We have previously developed such a method, post-PCR fluorescence labeling of DNA fragments and analysis using automated capillary electrophoresis under SSCP conditions (PLACE-SSCP) (1, 5, 6) . The procedure is suitable for examining many SNPs without initial setup for dedicated machines (8, 12) , because it does not require costly reagents such as fluorescence-labeled primers, and can be performed with widely accessible DNA sequencer as a major instrumentation.
PLACE-SSCP analysis with longer PCR products is more efficient in searching for new SNPs. However, shorter products usually give better separation of alleles in the analysis and are more suitable for typing known SNPs by comparing electropherograms. There is also less chance of confusion in interpreting the data by the occurrence of more than two SNPs (or more than three alleles) in the same product. Thus, we designed primers that amplify short DNA fragments (50-70 bp), each of which contained only one SNP, and analyzed them by PLACE-SSCP. Although such fragments should display at most two alleles, SSCP patterns were often complicated by the presence of extraneous peaks that are detected in both of the fluorescent colors and migrated within the range of the SSCP peaks. We regarded these spurious peaks to be annealed DNAs, such as homo-/heteroduplexes or nonspecific aggregates. The dsDNAs of this size range (50-70 bp) are known to have mobility similar to their single-stranded counterparts in native PAGE (10) . We believe that the complex of primers and complementary strands is unlikely to be formed in the present system because the labeling procedure involves treatment with Klenow fragment of DNA polymerase, which efficiently degrades unincorporated, unpaired primers (1). In any event, these spurious peaks should be able to be eliminated by removing one of the strands of the PCR products.
Lambda exonuclease is an enzyme that selectively digests duplex DNA in the 5′→3′ direction from phosphorylated 5′-ends. This enzyme has been used to prepare ssDNA from PCR products amplified with one 5′-phosphorylated primer for sequencing (4), SSCP analysis (13) , and the determination of fragment sizes by electrospray ionization mass spectrometry (11) . The reported procedures included steps for product purification to remove salts and PCR buffer by, for example, phenol:chloroform extraction and ethanol precipitation or column filtration. We tried to simplify the procedures and developed the protocol presented below, in which all reactions are performed in the same tube. The addition of a high-pH buffer is critical to ensuring the complete removal of one strand because lambda exonuclease is fully active at a final pH of 9.2 (9) .
One of the primers in the amplification reaction was phosphorylated using T4 polynucleotide kinase, as described previously (2) . PCR was performed in a 10-µL reaction mixture [10 mM TrisHCl (pH 8.3), 50 mM KCl, 2 mM MgCl 2 , 0.25 µM each primer, 200 µM each of four dNTPs, 50 ng genomic DNA, and 0.25 U AmpliTaq ® DNA polymerase (Applied Biosystems, Foster City, CA, USA) premixed with 55 ng TaqStart Antibody (BD Biosciences Clontech, Palo Alto, CA, USA)]. The thermal cycling profile was 1 min at 94°C for initial denaturation, followed by 40 cycles of 15 s at 94°C and 5 s at 48°C. The choice of primer sequences and PCR conditions is discussed later.
The PCR product was diluted with an equal volume of distilled water, and a 2-µL aliquot was added to 4 µL of the post-PCR labeling reaction buffer to fluorescently label one of the complementary strands, as described previously (7 nase DNA polymerase (Amersham Biosciences, Piscataway, NJ, USA). The mixture was incubated at 37°C for 5 min and then at 57°C for 15 min. The Klenow fragment was then inactivated by heating at 75°C for 10 min.
ssDNA was generated by adding 6 µL lambda exonuclease reaction buffer [134 mM glycine adjusted to pH 9.4 with KOH, 0.24 U lambda exonuclease (USB, Cleveland, OH, USA)] to the reaction and incubating it at 37°C for 30 min. The exonuclease was inactivated at 90°C for 5 min.
Fluorescent nucleotides not incorporated during post-PCR labeling were removed from the product solution (12 µL) by gel filtration using Sephadex- 
a Underlined sequences were added for labeling PCR products. One primer for PCR is phosphorylated on the 5′-end as indicated by "P". These sequences are located in the PTEN locus. b The Web site is http://www.ncbi.nlm.nih.gov/SNP/index.html. c SNP positions and genotypes of individuals were confirmed by dideoxy sequencing. "Homo" and "Hetero" indicate homozygote and heterozygote, respectively.
Table 1. Oligonucleotide Sequences Used in This Study
G50 (Amersham Biosciences), which was pre-equilibrated with 0.5 mM EDTA in a MultiScreen-HV ® plate (Millipore, Bedford, MA, USA), and the eluate was recovered in a fresh plate. Alternatively, incubation of labeled products with alkaline phosphatase is also effective for the removal of residual nucleotides, as described previously (5) .
A 1-2-µL aliquot of the eluate from the gel-filtration step was combined with 0.5 µL Genescan-500 TAMRA ® size standard (Applied Biosystems), and 15 µL 0.5 mM EDTA. The mixture was heated at 90°C for 2 min and then loaded onto an ABI PRISM ® 310 Genetic Analyzer (Applied Biosystems). CE-SSCP was performed using 10% polydimethylacrylamide buffered with TME (60 mM Tris, pH 6.8, 70 mM MES, 2 mM EDTA) at 30°C, as described previously (7) . The results were analyzed using GeneScan ® Analysis Software (Applied Biosystems). Figure 1A shows the SSCP patterns for short DNA fragments containing one SNP. The sequence information is given in Table 1 . Without exonuclease treatment, the peaks of the ss-and dsDNAs co-migrated in the same range, leaving ambiguities in the identification of allele peaks. However, digestion with lambda exonuclease simplified the electropherogram markedly, and a single peak for each homozygote and two peaks for the heterozygote were unambiguously identifiable (Figure 1A, right panel) .
Hemi-stranded SSCP has the advantage of being free from the interfering peaks produced by annealed strands. However, it has the disadvantage of collecting less information per run (i.e., only the information from one strand can be obtained per run). This prompt-
DRUG DISCOVERY
AND GENOMIC TECHNOLOGIES Table 1 . Because ROX fluorescence emission is less than that of R110 or R6G in the ABI PRISM 310 Genetic Analyzer, in which the laser emits at 488 and 514 nm, fragments labeled with ROX dye were added at eight times the concentrations of fragments labeled with other dyes. Zygote types are indicated in each panel. Blue, red, and green peaks indicate the fluorescence of R110, R6G, and ROX, respectively. Arrows indicate ssDNAs (ss). dsDNAs are indicated by ds. Black peaks indicate the TAMRA-labeled internal marker.
ed us to develop a protocol for multiplex analysis of mixed samples, each labeled with a different dye. Figure 1B shows the results of a multiplex analysis. In this case, three PCR fragments of different sequence-tagged sites were labeled with different fluorophores, rendered hemi-stranded by treatment with lambda exonuclease in separate tubes, and subjected to SSCP after their pooling. Spurious peaks can be seen in the samples not treated with exonuclease ( Figure 1B, left panel) , whereas these peaks were absent in the samples treated with exonuclease ( Figure 1B , right panel), as expected, and the alleles of each sequence-tagged site were confidently identified. We also confirmed that the peak heights of the alleles were reproducible and that the allele frequencies for the SNPs could be precisely estimated using pooled DNA after proper correction [i.e., normalization of the peak heights of alleles in the pool by the peak-height ratio in the heterozygotes, as previously described (Reference 12 and data not shown)].
Besides improving the separation in SSCP analysis, the use of short PCR products has the advantage of enhancing specificity of amplification, when compared with long products. The preferential amplification of shorter products in multiplex PCR is well recognized and is ascribed to the somewhat distributive nature of DNA polymerases, especially Taq DNA polymerase. Therefore, the selective amplification of short fragments allows amplification using short primers, as shown in our previous study (3) , in which 80% of amplifications from genomic DNA templates were successful despite the use of very short primers (annealing lengths of 12-16 nucleotides). The primers used in the present study were 16-17 nucleotides in length, and approximately 30% of the input primers were incorporated into the products, which were observed as single bands with agarose gel electrophoresis, with no fortuitous products.
The disadvantage of the method described here is the requirement for an additional step that uses an additional enzyme (i.e., lambda exonuclease). However, the cost of the enzyme per sample is less than half the cost for the fluorescent nucleotides, and the total cost is not significantly increased compared with the previous PLACE-SSCP method. Furthermore, the enzymatic reaction is carried out simply by adding reagents, and the streamlined nature of the method is maintained. Thus, the procedures can be easily automated.
Because the choice of fluorescent dyes is flexible, the multiplex hemistranded PLACE-SSCP described here is fully compatible with the analysis using various capillary array apparatuses, as we have recently reported (8) . The present strategy can be applied to large-scale SNP typing of individuals and to the quantitative analysis of SNP alleles within populations, provided the procedures are automated by adopting robotics.
